The use of cheaper alternative such as waste cooking oil as substitute to vegetable oil can reduce the overall production cost of biodiesel. This research focuses on the investigation of the kinetic of waste cooking oil methanolysis using heterogeneous waste catalyst. Fish bone waste was used as the catalyst for the methanolysis of waste cooking oil. The kinetic data obtained from this study can be used to optimize the process of biodiesel production. The effects of temperature and catalyst amount were varied between 50-65 °C and 4-10 wt % respectively. The kinetic of transesterification of waste oil, the reaction rate constant (k) and activation energy (EA) at 55, 65 and 65 °C were determined. The highest yield of biodiesel, 86 % were achieved at 6 wt% of catalyst amount, mixing of 300 rpm, methanol to oil ratio of 18:1 and reaction temperature of 65 °C. The activation energy (Ea) was 34.12 kJ/mol. This study also proves that transesterification process is not affected by the internal mass transfer due to the Thiele modulus value between 0-1.69.
Introduction
Biodiesel has been used as a substitute oil source in replacing the petroleum fuel. Recently, a lot of research have been done in the field of biodiesel and its benefit for heating fuel and off-road fuel for heavy equipment [1] . Sudden increase in the petroleum prices and growing demand of petroleum products induces the search for other renewable energy. Biodiesel is clean, emits lesser greenhouse gases, ecological friendly and reduces the need on imported oil.
The petroleum diesel source is facing scarcity due to non-renewable source. It is reported that the production of biodiesel is expensive and half times higher than that of petroleum diesel [2] . The higher cost is contributed by raw material; which contributes around 70-95 % of biodiesel price. Therefore, feedstock such as waste cooking oil (WCO) has been utilized as it is available at a cheaper price or free and gives a waste management solution [2, 3] . The reaction of waste cooking oil, methanol and sodium hydroxide gives higher percentage yield of biodiesel of 97%. Refined vegetable oil contains less than 0.5% by weight of FFAs, but waste cooking oil contains between 0.5% and 15% by weight of FFAs [4] . Usually production of biodiesel from waste cooking oil through trans-esterification or methanolysis requires catalyst such as alkali homogenous catalyst, alkali heterogeneous catalyst, acid homogenous, acid heterogeneous or enzyme [5] .
Homogeneous catalysts causes soap thus reducing the catalytic efficiency [6] . This process increases the viscosity and the formation of gels occurs. The method for the removal of the catalyst after transesterification is tedious and a large amount of wastewater is produced. Furthermore, a long settling time is needed for the separation of glycerol and ester phases. Alternatively, heterogeneous catalysts have the general advantage of being reused and easy to separate from the products. Sources of waste such as chicken oyster shell, egg shell, golden apple snail, mud crab shell, meretrix venus and mollusk shell as rich sources of CaO is cheap and can be utilized as heterogeneous catalyst for production of biodiesel [7] . Our previous study showed that fish bone is suitable to be used as catalyst to produce biodiesel using palm oil [8] . To date there is no study was reported on the kinetic study of waste cooking oil as raw material and fish bone as the heterogeneous catalyst.
Thus this research aims to study the effect temperature and catalyst amount of waste cooking oil catalyzed by waste material; fish bone. The effectiveness of the heterogeneous process depends on several parameters; methanol to oil molar ratio, temperature and amount of catalyst. A kinetic study was also conducted and the reaction rate constant (k) and activation energy (EA) at 55, 65 and 65 °C were determined.
Materials and Methods

Material
The waste cooking oil (with free fatty acid of 1.6%) and the fish bone was collected from the cafeteria of International Islamic University Malaysia. Methanol (99.6%) (Analytical grade) and n-hexane (GC analysis) were purchased from MERCK (Malaysia).
Catalyst Preparation
The fish bones were washed with water and were dried. The bones were grinded for 10 min using a grinder and separated with sieve plates. The bones were mixed with nitric acid for 2 to 3 minutes then rinsed with distilled water. The bones were dried in an oven at 100 °C for 24 hours. Then the bones were calcined in a furnace for 3.5 hour at 900 °C.
Methanolysis
The extraction process was conducted using batch reactor. Temperature, mixing and heating of the solvent was provided by a hot digital magnetic stirrer. 10 mL of waste cooking oil was weighted. The catalysts were varied from 4%, 6%, 8%, and 10% on the basis of the weight of the oil. The reaction temperature was varied from 55, 60 and 65 °C and reaction time was varied from 5 minute to 120 minute.
After the reaction, the catalyst was separated from the mixture by vacuum filtration through a filter paper. Then, the mixture was poured into a separating funnel, allowing the biodiesel and glycerol to separate. The upper biodiesel layer is collected. For purification, the biodiesel was washed with warm water (45-50 °C) to purify and remove impurities from the oil.
The biodiesel composition was analyzed using GC 7890 A (Agilent). 0.1 mL of sample was diluted with 3.9 mL of n-hexane and 1 mL of sample was injected into GC. The column was a 60 m × 0.248 mm × 0.15 mm DB 23 column (J&W Scientific, USA). The standard mixture of fatty acid (GLC 10 FAME mix) was bought from Sigma Aldrich. Oven temperature was set to 50 °C for 1 min before increasing it to 175 °C at a rate of 4 °C. Then the temperature increased to 235 °C at a rate of 4 °C/min and held for 5 min. The yield of methyl esters was calculated based on fatty acid methyl ester (FAME) using the Equation (1) [9] . The percentage composition of the FAMEs was determined based on the peak area of the individual component relative to the total peak area of all the components present in the sample [10] .
(1)
Internal mass transfer within the particle
The investigation of mass transfer within the catalyst based on the Thiele modulus was carried out to define the transesterification process was not controlled or limited by the internal diffusion [11] . The value of Thiele modulus () and effective diffusivity (Deff), m 2 s -1 was calculated by assuming Deff is constant with the Y, yield at time, t and initial yield of the oil based on Fick's second law. Pinelo, Sineiro et al. [11, 12] calculated effective diffusivity using Equation (2). where, r (mm) is the ratio of particles. By using Equation (2), a plot ln Y versus time of experiment was plotted. The value of the slope was used to determine the effective diffusivity.
To determine the effect of mass transfer within the catalyst, Thiele Modulus, , was calculated based on Giri and Sharma [11, 13] in Equation (3): (3) where dp is the particle diameter, K is the extraction rate, s -1 , rp is the density of the coconut waste. The system is expected to have no internal mass transfer limitation if the Thiele Modulus is less than 2, and the system suffers from the internal mass transfer limitation if it is above 10 [11, 13].
Kinetic studies
In biodiesel production, triglycerides are converted to glycerides, then to monoglycerides and to methyl ester. In each step a molecule of methanol is consumed to yield a molecule of methyl ester [14] . The three step mechanisms were simplified to one step as [15] [16] [17] : (4) However with excessive methanol, the reaction was irreversible and this is a first order reaction with respect to the triglycerides concentration. The reaction rate, r was given as: (5) where CTG are triglycerides concentration at any time, t and beginning (t = 0) and after integration. Since TG concentration is related to conversion degree of TG, xA (biodiesel conversion) as follow:
Then the model could be written as: (7) 3. Results and Discussion Figure 1 shows the effect of amount of the catalyst on waste cooking oil methanolysis at 55 °C and molar ratio of 18:1. The mixing was remained at 300 rpm for 120 minutes. The yield was at 65.1 wt%, 74.7 wt%, 68.0 wt% and 66.5 wt% for 4, 6 , 8 and 10 wt% respectively at 120 minutes. The yield increases gradually by increasing the amount of catalysts at 6 wt%. However beyond 6 wt%, the yield decreases showing the excess catalyst leads to an increase in viscosity of the mixture [16] . Another researches reported that increase in catalyst concentration at a fixed mixing rate causes diffusion resistance and heterogonous process becomes mass transfer limited. This reduces the conversion of stearic acid [18] . Therefore, it could be concluded that optimum amount of catalyst for this reaction is 6 wt%. Figure 2 shows effect of temperature and time on biodiesel yield at 55, 60 and 65 °C. Mixing was remained at 300 rpm and methanol to oil ratio of 18:1 for 120 minutes. The figure shows an increase in biodiesel yield after 30 minutes and slows gradually before becoming stable. For 6 wt% of catalyst amount and at 60 °C the yield was 79.3 wt% at 30 minutes, 79.9 wt% at 60 minutes and 79.6 wt% at 120 minutes. Increase in temperature and time increases the biodiesel yield and a maximum   kt x    yield of 86 wt% was achieved at 65 °C after 2 hour. This results are comparable with other studies that higher temperature favors the biodiesel yield [16, 19] . When the reaction was conducted exceeding the boiling point of methanol at 65 °C, the solvent vaporized and remained in the vapor phase in the reactor causing a reduction in the methanol in the reaction media [16] .
Effect of amount of catalyst
Effect of temperature and time
Internal mass transfer within the particle
Based on the calculation using Equations (2) and (3), the Thiele modulus is 1.69, 0.89 and 0 for 50, 60 and 65 °C respectively. This proves that transesterification process is not affected by the internal mass transfer due to the Thiele modulus value which is less than 2. Small value of Thiele modulus indicates that the reaction was surface reaction limited and decreases the internal mass transfer diffusion limitation [11] .
Kinetic of methanolysis of waste cooking oil
In this study, the kinetics of transesterification reaction of waste cooking oil using fish bone catalyst (6 wt%) at the temperatures of 328, 333 and 338 K were investigated. The reaction was defined as a pseudo homogeneous reaction according to the kinetic model and the kinetic parameters with fish bone catalysts were determined. Based on the study, the optimum conditions are achieved at stirring speed of 300 rpm and methanol to oil ratio of 18:1. A linear relationship was achieved by plotting the data between -ln(1-XME) and t. The experiments demonstrate that the reactions follow first order kinetics. Figure 3 illustrates the plot of -ln (1-XME) versus time at different temperatures at methanol to oil molar ratio of 18:1, mixing at 300 rpm and amount of catalyst of 6 wt %. The value of reaction rate constant k was determined at different temperature by using Figure 3 . Arrhenius Equation was used to calculate the activation energy of transesterification reaction. The slope and intercept between ln k and 1/T give the values of activation energy (Ea) and frequency factor (A) respectively.
For the transesterification reaction using fish bone, the activation energy (Ea) was 34.12 kJ/mol. The activation energy for the transesterification of waste cooking oil was in the range obtained by other researchers; 33.6-84 kJ/mol [16, 20] . The Ea shows an energy required for the transesterification of WCO that is favorable for biodiesel production. The lower activation energy creates a faster reaction and therefore, it could be concluded that fish bone catalyst would be more efficient for transesterification reaction.
Conclusions
It can be concluded that the optimum conditions were achieved at 86% by using fish bone catalyst at 6 wt%, mixing of 300 rpm, methanol to oil ratio of 18:1 and reaction temperature of 65 °C for 120 min. The experiments demonstrate that the reactions follow first order kinetics. The activation energy (Ea) and the Thiele modulus were 34.12 kJ/mol and 0-1.69, respectively.
